Lightning is one of the most widespread and deadly hazards in Bangladesh. Bangladesh has among the highest death rates of any country. The main objective of this study is to analyze the people's perception to investigate the potential misconceptions and myths on lightning. This paper addresses present safety knowledge and awareness among people, the spatial variation of lightning strikes from 1998 to 2013 and spatial variation of lightning deaths from 2011 to 2015 in Bangladesh. People's perception on lightning has been analyzed using field surveys, and the spatial variation of lightning strikes and deaths has been analyzed using geographic information system. The results of this paper revealed that there are some misconceptions, myths, and misunderstanding among the different demographic groups of people in Bangladesh. Analysis of annual spatial variation of lightning flash density suggests that the northern and northeastern parts of Bangladesh have the highest lightning flash rate density. Pre-monsoon season experiences the highest rate of flash density among all seasons. Analysis of spatial variation of lightning deaths suggests that Chapai Nawabganj District of Bangladesh is in the top of the lightning death rates per million people per district over years 2011-2015. It was found that the main reasons behind this large number of deaths are lack of lightning safety knowledge and awareness, lack of shelters, and lack of lightning safety precaution training. To improve this situation and minimize the loss of lives and property, a comprehensive plan and policy should be developed.
Introduction
Bangladesh is prone to several types of natural hazards. Lightning is among the most widespread and deadly hazards. Lightning was widely ignored previously, but it appeared recently that the loss of lives and property due to lightning is increasing, so the government is giving more attention to minimize the losses due to lightning. The Bangladesh government has recently declared lightning as a natural disaster (Islam 2016) . Some studies show that the lightning death rates are higher in developing countries than developed countries (Holle 2008) . Dewan et al. (2017a, b) has shown that the average annual death toll from lightning is 114 people in Bangladesh over the period from 1990 to 2016. As most of the deaths in the developing countries take place in the agricultural fields, properly designed lightning safety structures near the agricultural fields are necessary to minimize the death tolls due to lightning (Holle 2016) . It is evident that the majority of lightning accident occurred between early morning and early evening. Pre-monsoon season had the most number of lightning fatalities in Bangladesh (Dewan et al. 2017a, b) . Within 2 days (12 and 13) of May 2016, 64 people were killed by lightning in Bangladesh. The majority (61% of total) of the fatalities occurred in the agricultural field while farmers were working (Holle and Islam 2017) .
Bangladesh has among the highest death rates in the world from hazards like lightning (Schmidlin 2009 ). As it is one of the lightning-prone countries of the world, there may be some key factors causing this large death toll due to lightning. It may be useful to study the reasons behind these large death tolls in Bangladesh. Perhaps there are some misconceptions and myths about lightning, there may be inadequate safety measures, or people may have a lack of adequate training and awareness about lightning. As a developing country, death rates are higher in Bangladesh than most of the developed countries in the world. Previous study showed that lack of awareness among the people and ignorance of the safety rules are one of the main reasons for the higher rates of deaths and injuries of the people in Bangladesh (Gomes et al. 2006a) . Lightning safety education and awareness play a key role in minimizing the death tolls around the world. Significant education and awareness programs have reduced the death tolls in the developed countries like the USA (Cooper and Holle 2012) . Our main research goal is to address why the death rates are higher in Bangladesh than the developed countries of the world. This research will answer the following questions:
1. What are the geographic variations in lightning frequency and deaths due to lightning? 2. What are the perceptions about lightning hazards in Bangladesh? 3. What are the safety measures taken by the people in Bangladesh to be safe from lightning accidents?
Background
Lightning is one of the most dangerous natural hazards due to its unpredictability and frequency of strikes (Holle et al. 1999) . For example, in the USA, there are more deaths due to lightning than any other natural disaster other than floods and heat (Holle et al. 1999; López et al. 1993) . About 24,000 deaths and 240,000 injuries are recorded worldwide from lightning annually (Holle 2008) . Many researchers have shown the difference in the number of casualties due to lightning between developed and developing countries. In developing countries, the population-weighted rate of lightning fatalities is steady or slowly decreasing due to urbanization and the availability of lightning safe buildings. However, the absolute number of the lightning-vulnerable people involved in labor-intensive agriculture who live and work in unsafe dwellings is increasing, and ultimately the total number of casualties may grow due to such socioeconomic factors (Holle 2016) . Socioeconomic factors play a vital role in the number of causalities by lightning. These include literacy rate, age, gender, and occupation. Geographic factors are also important in terms of the lightning deaths and injuries. For example, rural areas in China accounted for 51% of the total lightning fatalities despite having less population per square mile. A majority of the injuries and deaths occur to people working in the field (Zhang et al. 2011) . Lightning hazards can be mitigated in many ways. Insurance can play a valuable role in encouraging loss reduction measures against natural hazards and for providing recovery funds to disaster victims (Kunreuther et al. 1996) . The challenges faced by developed countries and developing countries are different. The challenges in developing countries are poverty, illiteracy, disorganized or uncoordinated nature of various institutions that are directly responsible for lightning hazard mitigation, lack of modern equipment for accurate weather forecasting, and lack of proper policies and standards (Mary et al. 2014) . In developed countries like the USA, the challenges of mitigating lightning fatalities include the willingness to cancel or postpone activities, the ability to be aware of an approaching or developing storm, the vulnerability of actual activity, and the ability to get to a safe place quickly (Jensenius 2016) . A proactive mitigation plan involves (1) recognizing the development of a storm that may produce lightning, (2) noting the start of the lightning threat from the storm, and (3) making a plan for reaching the shelter at all stages of the outdoor activity (Holle et al. 1995) . Literacy rate among the people plays a role in terms of deaths and casualties (Gomes and Kadir 2011; Dewan et al. 2017a ). The demographic factors like population density, literacy rate, and urbanization have direct impacts on lightning casualties (Gomes and Kadir 2011) . Lengyel et al. (2005) showed that 42% of the deaths by lightning result from a lack of proper knowledge or awareness about this hazard. Raising awareness can minimize the number of deaths (Gomes et al. 2006b ). Research shows that sometimes safe shelters were available in proximity to the victims but they did not act soon to get the safety before the lightning strike (Jensenius 2016) . Education is the powerful key, and it needs to be communicated effectively to reduce the death tolls due to lightning strikes (Roeder et al. 2011) .
Lightning awareness programs in Bangladesh were started in 2004. Initially, these programs were conducted only for the school teacher. The main goal of these programs was to train the school teacher so that they will disseminate this knowledge among the students, guardians, and local community. However, the lectures and presentations are not effective in the rural areas due to low literacy rate (Gomes et al. 2006b ). People's perception has been studied in different types of hazards including cyclone, flood, fire, earthquake, volcanic eruption, lightning, etc. (Johnston et al. 1999; Jackson 1981; Glade et al. 2006; Grothmann and Reusswig 2006) . Many hazard researchers have used people's perception to study lightning hazard (Greening and Dollinger 1992; Jayaratne and Gomes 2012; Spengler et al. 2002; Keul 2012) . GIS as a tool has been widely used at many studies to visualize spatiotemporal variation of lightning deaths and strikes as well as other natural hazard issues (Dewan et al. 2017a; Holle and Islam 2017) .
Methodology

Study area
Bangladesh is located in South Asia between 20°34′ to 26°38′ north latitude and 88°01′ to 92°42′ east longitude with an area of 147,570 km 2 . Bangladesh has a population of about 152.25 million based on population census 2012, making it one of the most densely 1 3 populated countries of the world. The average population density at district level ranges from 87 to 8227 persons per square kilometer (Fig. 1) .
In Bangladesh, more than 75% of the population lives in rural areas. Urbanization has, however, been rapid in the last few decades. Of the total area of Bangladesh, agricultural land makes up 65% of its geographic surface, forestlands account for almost 17%, while urban areas are 8% of the area (BBS 2015) . The highest population densities are in the Fig. 1 Spatial distribution of population density per square kilometer at district level in Bangladesh capital city Dhaka and its surrounding districts. The lowest population densities are found to be in the hilly areas and at some coastal districts of Bangladesh.
Data collection
Lightning deaths data from 2011 to 2015 were collected from the Non-Government Organization (NGO) Disaster Forum (https ://www.disas terfo rum.org/) working in Bangladesh. Population data were collected from Bangladesh Bureau of Statistics at the district level to calculate the rate of deaths per millions of people. Lightning strike data were collected from NASA lightning datasets (Albrecht et al. 2016) . The spatial resolution of the dataset is 0.1°. These data are freely available for public use. This dataset covers 16 years from 1998 to 2013. Lightning imaging sensor (LIS) of Tropical Rainfall Measurement Mission (TRMM) has collected this data. This dataset has been used to look at the geographical variations of lightning strikes over Bangladesh (Fig. 2) .
The final source of data has been collected by conducting a questionnaire survey in three districts of Bangladesh. A detailed questionnaire survey was conducted to examine lightning perception and safety measures. The questions in the survey include both openended and close-ended questions. The study areas were chosen to represent different geographic regions of high, moderate, and low death risks. Initially, lightning death rates map was produced to select three individual districts to represent whole country based on high, moderate, and low death rates. Death rates were calculated by the number of deaths per year divided by per million population at each district. The three districts out of sixty-four districts in Bangladesh include Kishorganj, Sunamganj, and Gazipur district. The questions of the survey collected information about the demographics of the respondents and the perceptions of the respondents about the lightning hazard in Bangladesh. Questions include their awareness, safety knowledge, precautionary measures before, during, and after lightning strikes. A mixture of simple random sampling and cluster sampling were used to select the respondents. Two places were chosen from each district. As a majority of the educated people live in the city area, a place in each district was chosen in the urban area and other place was chosen in the rural area to make sure that all types of people having different occupations and education levels can be sampled.
Data analysis
The lightning deaths data from 2011 to 2015 were at district level having the number of people who died each year in each district. The average number of deaths per year per district has been calculated first. Using population and deaths rate per year, death rate per year per million population in each district was calculated. The data format of lightning strikes was in NetCDF. First, it was converted and then exported to ArcGIS. ArcGIS 10.5.1 has been used to produce the map. The data were in grid cell format. Bilinear Interpolation method was used to make the grid cell merge with its neighboring cells.
The frequencies and percentage of the survey response for each question were calculated. For looking at the relationship between responses from different subgroups, cross-tabulation was used. Cross-tabulations provide a way of analyzing and comparing the results for one or more variables with the results of another. Cross-tabulation has been used to test for significant difference among different demographic factors such as gender and education level. Chi-squared tests were performed to analyze the perception 1 3 variation between male and female. A Chi-squared analysis has been used to investigate whether distributions of categorical variables differ from one another. The Chi-squared analysis provided a probability (p) value that indicated that group difference occurred by chance alone. P values were significant when it was 0.05 or less. If the result of Chisquared test had cells with expected value less than five, the test was not utilized. Figure 3 shows the spatial variation of lightning death rates over different geographical locations ranging from a lowest 0.19 (per million people per year) to the highest 6.68 (per Fig. 3 lightning fatality rate per million people per district over years [2011] [2012] [2013] [2014] [2015] million people per year). The highest rate of deaths is found in the districts like Kishorganj, Chapai Nawabganj, and Sherpur. These districts experience the majority number of lightning deaths that has been found after analyzing the lightning death data from 2011 to 2015. The lowest rate of deaths is found in the coastal area and the central including the capital city Dhaka. The rate in Dhaka district is found to be one of the lowest rates of death having around 15 million people living in this district and only a few people die each year in this capital city of Bangladesh. The factors behind these low death rates might be that the people are more educated, better infrastructure and mostly urban and industrialized area.
Spatial distribution of lightning deaths
Spatial variation of lightning frequency
This study has analyzed the LIS datasets from 1998 to 2013 of TRMM mission of NASA to look at the spatial variation of lightning strikes. Figure 2 shows the annual spatial variation of lightning strikes in Bangladesh. Analysis of spatial variation of lightning density suggests that the northern and northeastern parts of Bangladesh have the highest value of lightning flash rate density. This map also suggests that higher latitude has high flash rates. The districts in the high latitudes include Sherpur, Jamalpur, Sunamganj, Netrokona, and Kishorganj. A study by Kandalgaonkar et al. (2005) showed that lightning strikes rate increase with latitude in the Indian subcontinent. The eastern part of the country has high to moderate rates of flash per year. The districts include Kishorganj, Moulvibazar, and Habiganj. The hill tracts of Bangladesh and the coastal areas close to Bay of Bengal are experiencing lowest rates of lightning flash. The coastal districts are Khulna, Patuakhali, Bhola, Noakhali, Jhalokhati, and Coxsbazar. The coastal areas and the hill tracts are located in the southern part of Bangladesh, and they are in the lower latitudes.
Bangladesh is home to some of the lightning hotspots in the world. Albrecht et al. (2016) has published a list of 500 lightning hotspots around the world based in 0.1° × 0.1° resolution using NASA's TRMM LIS very high resolution lightning annual climatology data from 1998 to 2013. There are some lightning hotspots located in Bangladesh. The place having highest flash rate density among those hotspots located in Bangladesh named Sherpur district (a district located in the northern most border of Bangladesh) with 82.95 (fl km −2 year −1
). This study has also found that the hotspots are located in the northern districts including Sherpur, Sunamganj, and Netrokona. The spatial differences of flash density depend on surface properties such as orography, site location, and deep inland placement and nearness to source of water. A research by Nath et al. (2009) has concluded that the overhead lightning activity is a clear reflection of the status of the underlying groundearth properties.
The seasonal variation of lightning flashes in Bangladesh from 1998 to 2013 is shown in Fig. 4 . While working on the seasonal variation of lightning strikes, it was found that during pre-monsoon season in Bangladesh experience the highest rates of lightning flash (0.4927 fl km −2 day −1 ). The lowest rate of flash density is found to be during winter season in Bangladesh. The highest rate of lightning flash move from one geographical locations to another if the season changes. The flash rate density during winter season (December to February) ( ) to a maximum 0.108 (fl km −2 day −1 ). The flash rate density map of monsoon season suggests that the northwestern part of Bangladesh experiences the highest rates of flash density and the western, northern, and northeastern parts experience the highest to moderate rate of lightning flash during this season. The coastal area of Bangladesh experiences the lowest rates of lightning strikes during monsoon season.
In post-monsoon season (Fig. 4d) , the spatial pattern of lightning flash density is different than the rest of the seasons. During this season, the southeastern part (hilly area) experiences the highest rates of lightning strikes. ). A recent study by Dowdy (2016) has found that ENSO has the strongest relationship with lightning activity during each individual season in the tropical regions. A measure of ENSO variability is significantly correlated with local lightning activity at 53% of locations for one or more seasons throughout the year. Variations in atmospheric parameters commonly associated with thunderstorm activity are found to provide a possible explanation for the variations in lightning activity.
lightning safety measures and awareness
The total number of survey included 287 participants. The demographics showed that respondent's gender was 51% male and 49% female. The survey respondents were above 18 years of age. All survey responses were reviewed for percent of responses for each options. The bold options at the table are correct answers. A summary of the responses can be found in "Appendix A". There were some concepts or facts that are misunderstood by the people of Bangladesh. In case of the responses for how long they usually wait at a safe place after the last apparent lightning flash or thunderstorm, most of the respondents (42%) responded that they wait less than 5 min after the last apparent flash or thunderstorm. The responses suggest that there was misunderstanding of the recommendation to wait at least 30 min before going outside from a safe place after the last apparent lightning flash. Another safety knowledge questions asked about if strike victims do not carry an electrical charge and can be safely touched. The responses showed that 60% people have responded positively that the lightning strike victims do not carry electrical charge and can be safely touched and 40% people responded negatively indicates that they believe in this misconception that the lightning strike victims carry electrical charge and cannot be safely touched. A lightning strike victim does not carry any electric charge and can be touched without any caution. It clearly shows that 40% of the people believe in this misconception. People should be informed about the proper safety rules regarding the lightning accident.
The responses for safe place during lightning were mostly answered as inside house though there were some responses those are incorrect as safe places. Unwarily or carelessly, the people are taking risk of their lives during lightning in Bangladesh. The responses for reasons behind struck by lightning were found that a major portion of people (26%) go outside and are careless about the risk of being struck by lightning in Bangladesh. Some respondents think that it is a matter of luck and they have nothing to do with lightning. About 10% people responded that they do not know why people are being struck by lightning in Bangladesh. It clearly indicates that they need to be informed of the safety rules, awareness should be increased among them and proper and right information should be disseminating among the mass people in Bangladesh. People should be more conscious about the safety rules about lightning, or the death tolls will rise in Bangladesh due to lightning.
Gender was related to responses for some variables about the lightning safety knowledge and perceptions. In comparison between male and female, most of the response rates were not statistically different. Responses to some questions were significantly different between genders (p < 0.05). While asking if they are in danger of being stuck by lightning when outside, 71% of males responded yes compared to 83% of female respondents. It suggests that females are more careful and cautious about the possible lightning accident. Previous research has found that most people die due to lightning while they work at their agricultural field. A research by Singh and Singh (2015) found that males are killed 18 times more frequently than females in India. They assume that the high ratio of males to females reveals relatively higher work participation by males in traditional tasks, greater exposure to outdoor activities, labor-intensive practices such as agriculture. In regarding the question if they take any shelter while hear sound of thunder suddenly, 65% of males take shelter during lightning comparing with 79% of females taking shelter when they hear thunder suddenly. In terms of the wait time at a safe place after the last apparent lightning flash or thunder, male populations are quicker to go outside in comparing with the female population. About 87% male population wait less than 15 min in comparing with 69% female population. From the comparison between male and female, it was found that male populations tend to go outside quicker than the female population. Though it is recommended to go outside after 30 min of the last apparent flash, both genders go outside after the last apparent lightning flash or thunderstorm within less than 30 min. Both male and female are making their life in danger of being stuck by lightning. However, the difference of response rate among male and female was minimal and cannot be concluded that females are more careful and aware about all variables regarding the safety rules to be safe from lightning.
Education level was related to some of the variables of this study. To determine if education levels of the survey respondents are related to overall responses, a Chi-squared test was conducted. A significant difference (p < 0.05) was found for 12 survey questions. Some of lightning safety knowledge variables were widely misunderstood among the respondents. Most of the respondents in this category responded that they wait less than the number of minutes they should wait before resuming outdoor activities after the last apparent lightning flash or thunderstorm. To be safe from lightning, everyone should wait 30 min after hearing the last apparent lightning flash before resuming outdoor activities. However, the responses suggested that even the educated people underestimate this rule to wait 30 min before resuming outdoor activities. Most of the respondent answered less than 15 min. Even educated people in Bangladesh are putting themselves in danger 1 3
by underestimating the standard that should be followed to be safe from lightning. It was found that there is mixed response rate on different variables of lightning safety knowledge and perceptions among different educational groups of people. However, there is difference in response rate among different educational groups of respondent; it does not conclude that the higher educated people are more conscious, cautious, careful, or informed about lightning in Bangladesh.
The question regarding if strike victims do not carry an electrical charge and may be safely touched, was another most widely misunderstood among the people in Bangladesh. The low p value (0.00132) is indicating that the perception differs among different education groups. Though the lightning victims do not carry an electrical charge and can be safely touched, approximately 60% of the respondents having university degree think that the lightning strike victims cannot be safely touched and they carry electric charge that is widely misunderstood in Bangladesh. The responses suggest that even the educated people have poor information about the lightning safety knowledge and awareness. About 40% of the respondents having university degree believe that the lightning victims do not carry electrical charge and can be safely touched. The question regarding safe place during thunderstorm was mostly answered inside house though there are some answers that were misunderstood. It is proved that the safest place during lightning flash is to be inside house. While asking the question which place is safe when a thunderstorm is in the area, majority of the respondents said that inside house is a safe place during thunderstorm. However, some people have responded that under tree or even open area is the safe place during thunderstorm lightning flash. Some questions were asked about the key information about lightning in Bangladesh. This study has found that higher education does not mean that the people are more informed and cautious about lightning in Bangladesh.
This study has some limitations. Surveys were conducted in three districts of Bangladesh. To make this research more rigorous, a large number of surveys should be conducted throughout the country. The perception of lightning may differ from region to region because of the variation of lightning strikes over a large geographical area. The final limitation of this research was found to be that this research did not look on the policy and practice of lightning safety provided by government or other sources. This research only looked on the people's perception not the facilities, policy, or practice available in Bangladesh. That might be helpful to come up with the possible solutions regarding improvement in the lightning situation in Bangladesh.
Conclusion
The results of this study show that there are several areas of lightning safety knowledge and awareness that were misunderstood among the people in Bangladesh. A portion of the people does not know the proper information regarding lightning safety. People believe in misinformation and myths that have been inherited from generation to generation. There is no comprehensive planning to reduce the rate of mortality due to lightning. There is lack of shelters that is one of the key factors of increasing lightning deaths in the rural areas. In terms of gender responses, females are more conscious and careful about lightning accidents compared to males. Education levels also are related to the perceptions of the lightning safety knowledge and awareness, but more education did not always relate to proper knowledge. This is evident that the numbers of death due to lightning in the world is decreasing (Cooper and Ab Kadir 2010) , but in Bangladesh it is apparent that the lightning deaths are increasing. The main reasons behind this large number of deaths are lack of lightning safety knowledge and awareness, lack of shelters, lack of lightning safety precaution training, lack of proper planning and policy from the government. A lot work to be done to make the situation safer for the people. To improve this situation a comprehensive plan and policy should be developed. Further research should be conducted to make the policy and plan effective for the mass people. Lightning safety information should be disseminating among the peoples of all class and levels. Training should be initiate throughout the country to make people are conscious and aware about lightning. Information about lightning should be included in the textbook so that children can learn about lightning from their childhood. All stakeholders from all levels should come up together to minimize the loss of lives.
Appendix A: Overall lightning safety knowledge and perception percentage
Response rate (%)
Survey questions
Which season does lightning occur in your locality?
( • Role of gender in lightning hazard awareness should be studied more rigorously as it is found that there is perception difference between male and female participants. Further research should be conducted on the role of gender, educational level and how the awareness and experiences of people differ from a lightning-prone area to a less lightning-prone area in Bangladesh.
• As there is lack of resources, government cannot do everything for the betterment of the people, so people at all levels should come up together to improve the policy and the conditions in Bangladesh.
